Abstract. Advanced structural systems are required to have specific functions associated with operating environments. This article introduces some analytic and experimental research results on the application of smart materials, especially shape memory alloy, optical fiber, and piezoelectric materials. The first part presents the thermo-mechanical responses of the shape memory alloy hybrid composite (SMAHC) cylindrical panels. SMA wires are embedded in neutral plane of the panel with residual strain so that the recovery stress generated by shape memory effect (SME) can modify the structure stiffness and enhance the adaptability under thermal buckling. The second one is about the application of fiber optic sensor systems to the vibration measurement and suppression. The dynamic sensing characteristics of fiber optic sensors were explored and the vibration measurement and suppression of composite structures have been performed. In addition, the stability boundary evaluation and the suppression of dynamic aeroelastic instability have been investigated utilizing piezoceramic actuators and adaptive controller based on neural-networks.
Introduction
The key terms of smart structure are sensing, actuating, and thinking capabilities. Usually sensing and actuating capabilities are implemented using embedded smart materials such as electroactive materials, shape memory alloys (SMAs), optical fiber and so on.
This article introduces analytic and experimental study on the sensing, actuating capabilities of smart structures. Application of smart materials, especially shape memory alloy, optical fiber, and piezoelectric materials are presented. The first part introduces the analysis of the thermo-mechanical responses of the shape memory alloy hybrid composite (SMAHC) cylindrical panels. In this structure, the recovery force generated by shape memory effect is acting like a concentrated point force on the edge. Therefore, the resulting in-plane forces adaptively change the static and dynamic response of structure. The second part is about the application of fiber optic sensor systems to the vibration measurement and suppression. Optical fiber sensors have been increasingly studied for a variety of applications, especially health monitoring. Fiber optic smart structures technology can give us the structure with highly integrated sensors. Therefore, if we develop the vibration control function for fiber optic smart structures, the application field of fiber optic smart structures can be extended. The dynamic sensing characteristics of fiber optic sensors were explored and the vibration measurement and suppression of composite structures have been performed.
Thermomechanical Responses of Shape Memory Alloy Hybrid Composite Shell
In this study, the thermal post-buckling analysis of the shape memory alloy hybrid composite (SMAHC) shell panels has been performed using the finite element method.
Constitutive equation of SMAs. Among the various SMA constitutive models proposed, Brinson's model has been used in this paper. The constitutive equation of SMA wire can be expressed as follows: is the parameter of thermal expansion for the SMA material.
The constitutive equation (1) is coupled with transformation equations utilized to calculate the thermomechanical response of shape memory alloys in several cases. Details can be found in [1] . The SMA stress-strain responses for two cases of temperature are illustrated in Fig. 1 . The stress-strain curve of C o 12 indicates the shape memory effect (SME). The pseudoelastic effect is demonstrated by the curves for C o 60 . The recovery stress vs. temperature of a SMA wire for three different initial strains is shown in Fig. 2 . As can be seen, the larger initial strain is constrained, the higher recovery stress can be generated by shape memory effect. In this research, we can use this recovery stress to enhance the adaptability of the structures under thermal environment by embedding SMA actuator in a composite structure. The structure of this type has been termed a shape memory alloy hybrid composite (SMAHC). 
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where the subscript k indicates the layer number; [ ] k Q and k } {α are the transformed reduced stiffness and coefficients of thermal expansion, respectively; } { r σ is the recovery stress generated by shape memory alloy actuators; The volume fractions of SMA wires and the graphite/epoxy lamina relative to the total volume are denoted by s κ and c κ , respectively.
With the material properties of SMA/epoxy lamina calculated with multi-cell model [2] as well as the material properties of graphite/epoxy lamina, the stiffness of the shape memory alloy hybrid composite (SMAHC) can be calculated. Based on the layerwise laminated theory, the finite element equation of motions for SMAHC shell can be derived. The von-Karman nonlinear strain-displacement relationships are adopted to consider a large deflection due to thermal loads. By using Hamilton's principles, the nonlinear finite element equation of motion for the SMAHC shell can be obtained in the following form: Recovery stress by SME with constrained initial strain.
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where
SMA F are the mass matrix, linear stiffness, geometric stiffness due to SMA recovery stress, thermal geometric stiffness, the first-order nonlinear stiffness, the second-order nonlinear stiffness, thermal loading and SMA recovery force vectors, respectively.
The Newton-Rhapson iteration with cylindrical arc-length method is applied for the investigation of thermal snapping. A detailed description of the numerical calculation for the cylindrical arc-length method can be found in [3] . 
Results and
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where l h and s h indicate the thickness of graphite/epoxy and SMA/epoxy lamina, respectively. Fig.  4 shows the post-buckling deflection of the composite and SMAHC panels for 1% initial strain values of SMA cases. Fig. 4 
SMA
SMAHC panel. As can be seen, the thermally buckled deflection of SMAHC panel decreases compared with the panel without SMAs. However, at low temperature, the deflections of SMAHC are larger than those of composite panel because the SMA fibers are not fully activated at that relatively low temperature. Since the SMAHC panel has less weight than composite panel's, SMAHC panel has the excellent adaptation on thermal post-buckling comparing with composite panel without SMA wires.
Flutter Suppression Using FBG Sensor System
FBG sensor is one of the most attractive sensors among many recently developed sensor systems using smart materials, and is has been increasingly studied for a variety of applications: health monitoring, vibration measurement, nondestructive testing and so on. This section deals with dynamic application of an FBG sensor system and the adaptive vibration control of a composite plate with a surface-bonded FBG sensor and piezoelectric actuators. A simple optically passive detection scheme is used in the present study. This detection scheme is based on two cavity lengths in Fabry-Perot read-out interferometers to produce two quadrature phase shifted signals from Bragg grating sensor. The acquired FBG sensor signal is used for evaluating stability boundary of an aeroelastic system and feedback control. Neuro-adaptive feedback controller is applied to the flutter suppression.
Optical Fiber Sensor System. The basic principle of an FBG sensor is the measurement of Bragg wavelength shift. Therefore, it needs to measure the Bragg wavelength shift as fast as possible to detect high frequency phenomena. Kersey et al. [4] proposed a method to detect the wavelength shift of an FBG utilizing an unbalanced fiber interferometer. Lo [5] designed a simple optically passive detection scheme for FBG using two Fabry-Perot read-outs to produce two quadrature phase shifted signals. These schemes could be used to measure high-frequency micro-vibration, such as acoustic emission and small mechanical vibration. In this paper, the FBG sensor system fabricated by Kim et al. [6] was used to measure the flow-induced vibration. Fig. 5 shows the schematic of the sensor system. The system consists of a broadband source, four 2x2 couplers, two extrinsic Fabry-Perot cavities, two photo-detectors and FBG sensor. Since the two read-out interferometers have different cavity lengths, the reflected Bragg wavelength encounters different spectral locations of the two spectra for two Fabry-Perot interferometers. The two quadrature-shifted signals can be adjusted by keeping the two Fabry-Perot spectra in quadrature. When measuring small phase shifts, it is desirable to operate along the linear region of the response curve i.e. the region between the peaks and valleys. The two intensities are measured simultaneously and at least one of them is in quadrature. Therefore, it is possible to detect the signal within the linear region. 
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Title of Publication (to be inserted by the publisher) Two piezoceramics (C-82, Fuji Ceramics) and one FBG sensor (gauge length = 10 mm, λ B = 1546 nm) are bonded on the root region as shown in Fig. 6 . Wind tunnel test has been performed in the subsonic wind tunnel. The wind tunnel is an open-circuit tunnel with effective velocity ranges of 9 to 60 m/sec and closed test section. At first, aeroelastic responses according to airflow velocity have been investigated and the flutter prediction parameters are evaluated using sampled data. Secondly, flutter suppression experiment has been performed at the free stream velocities that cause limit cycle oscillations for the uncontrolled case. When the airflow velocity is below 14.0 m/s, air damping is dominant and the aeroelastic system is stable. As the airflow velocity increases, the limit cycle oscillation occurs and the vibration amplitude increases. Power spectra of the FBG sensor data against airflow velocity are shown in Fig. 7 . It can be seen that the vibration energy is concentrated in the flutter mode and increases according to the airflow velocity. In practical situations, the flutter boundary is not clearly identified; there is a limit cycle oscillation region and it is difficult to determine the flutter point. Moreover, limit cycle oscillations could lead to fatigue failure. Therefore, the prediction of stability boundary and the suppression of flutter are very important. The flutter speed has been evaluated using the flutter prediction parameter, F z , proposed by Torri and Matsuzaki [7] . The flutter prediction parameters using experimental data against dynamic pressure are shown in Fig. 8 . The evaluated flutter speed is V F = 15.0 m/s, which is close to the analytic result; V F = 15.4 m/s (NASTRAN). The flutter suppression experiment has been performed at the airflow speed over the flutter boundary. The neuro-adaptive controller used in the present study is similar to that of the authors' previous work [8] . The control system consists of the neuro-identification model and the neuro-controller. The weights of the neural network model are adjusted so that the output of the neural network model should be the same as that of the plant. After completing the forward modeling, the tuning for weights of the neuro-controller is performed. The designed neural network controller is implemented using a DSP board (DS1102, dSPACE) and the weights are updated at every 0.01 sec. Fig. 9 shows the control results at U ∞ = 17.0 m/s. The amplitudes of the flutter mode and its harmonics are significantly reduced. 
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Conclusion
The present study investigates the application of smart materials, especially shape memory alloy, optical fiber, and piezoelectric materials, to composite structures. The thermal post-buckling analysis of shape memory alloy hybrid composite (SMAHC) shell panels has been performed using the finite element method. To enhance the adaptability of thermal loads, we use the constrained recovery stress generated by shape memory effect (SME). In the simulation results, SMAs can enhance the stiffness of the structure and suppress the thermally buckled deflection. In addition, the dynamic application of an FBG sensor system to the adaptive flutter suppression has been investigated. An FBG sensor system with optically passive Fabry-Perot read-out interferometers is used to detect Bragg wavelength changes. The FBG sensor signal is used for the evaluation of aeroelastic stability boundary and the suppression of flutter. A flutter prediction parameter calculated using sampled FBG sensor data shows reliable stability boundary of an aeroelastic system. The adaptive control algorithm effectively reduces the amplitude of the flutter mode. In the near future, many possible smart structure concepts incorporating shape memory alloy, piezoelectric actuators and the optical fiber sensor technologies will appear and the smart composite structures with multi-functions will be realized. 
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